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(57) ABSTRACT

A method of visually measuring the brightness of ambient
lighting around a display device 1s disclosed. In this method,
first, a reference brightness of the display device 1s deter-
mined according to a type of display device. Thereatter,
information about locations where the display device 1s used
1s received from the user, and i1lluminance values of the
display device corresponding to brightness stages are set
based on the reference brightness and the location informa-
tion. Then, a reference brightness 1s converted into each of
the 1lluminance values corresponding to each of the bright-
ness stages. The converted images with the illumination
values corresponding to the brightness stages are displayed
to the user, and an 1mage that has a brightness value nearest
to the brightness of ambient lighting 1s selected, and the
brightness value of the selected 1mage 1s determined as the
brightness of ambient lighting.

25 Claims, 4 Drawing Sheets

=100

DETERMINE OPTIMAL GRAY SCALE
REPRODUCTION STATE OF DISPLAY DEVICE

SELECT TYPE OF DISPLAY DEVICE Ny
THAT IS BEING USED 20

DETERMINE REFERENCE o
BRIGHTNESS OF DISPLAY DEVICE 140

|

DETERMINE PLACE WHERE 200
DISPLAY DEVICE IS TO BE USED
LSJOD

[, S, e

MEASURE THE BRIGHTNESS LEVEL OF

AMBIENT LIGHT

NG

DISPLAY IMAGE CORRESPONDING
TO EACH BRIGHTNESS STAGE AND L-s320
THE DETERMINED PLACE

SELECT BRIGHTNESS STAGE
CORRESPONDING TO IMAGE S340
WHOSE BRIGHTNESS IS THE
MOST APPROXIMATE TO THE

BRIGHTNESS OF AMBIENT LIGHTING

4

OUTPUT BRIGHTNESS VALUE
CORRESPONDING TO SELECTED
BRIGHTNESS STAGE



U.S. Patent Nov. 27,2007 Sheet 1 of 4 US 7,301,545 B2

FIG. 1

DETERMINE OPTIMAL GRAY SCALE
REPRODUCTION STATE OF DISPLAY DEVICE

SELECT TYPE OF DISPLAY DEVICE | ..,
THAT IS BEING USED
DETERMINE REFERENCE o
BRIGHTNESS OF DISPLAY DEVICE 40
DETERMINE PLACE WHERE <200
DISPLAY DEVICE IS TO BE USED

S300

>100

MEASURE THE BRIGHTNESS LEVEL OF
AMBIENT LIGHTING

DISPLAY IMAGE CORRESPONDING
TO EACH BRIGHTNESS STAGE AND }—S320
THE DETERMINED PLACE

SELECT BRIGHTNESS STAGE
CORRESPONDING TO IMAGE
WHOSE BRIGHTNESS IS THE

MOST APPROXIMATE TO THE
BRIGHTNESS OF AMBIENT LIGHTING

5340

QUTPUT BRIGHTNESS VALUE
CORRESPONDING TO SELECTED
BRIGHTNESS STAGE




U.S. Patent Nov. 27,2007 Sheet 2 of 4 US 7,301,545 B2

FIG. 2A

FIG. 2B




U.S. Patent

%

Y h :
- l :,’5.1‘

Vet e 2o B

AR L L
oA 7

Ll
-k inglom
“a wrw iy

Y T
-‘-f!'-_':"és'ﬂﬂ;i}:

i
ey
u-._‘_i'-: L :

i

?_. ‘ﬂ,ﬁ‘.

'_e"pl-"l----r-l-
v LT
i ._1

- 1
N .

o MEERTRLE L E .
" A
[

ki
"t ﬁ.! L]
I'|*-

| (T e
] A
"\-ll{h:"i' -.E
I:‘n.' LX)
1
L

T

R

:

aeepEE R ammtierms 1 W S Aty
e E;;i. L B P AP L FL R
A e Tt .t
B R ey R 4L £

Ao nd W

g Ty 2 3*3
Tt gk T = e AT

L 1L Ral] A

Sy
il T . mA - ir

O |

P

il
" .-..' "

ll.l"ll.- x

iy L - -4

Ll
-
e g

L]

L]

%, 26
LN

r
P
g

. u
L
4
1 -
Lt
.-
) -
*

.t
.
L .

-

a ) o i.i L
Y "-...."". .

Fou Kaw, bF ga

{':;-' ¥ _F':U' ':r- i."l-.-"- F’-'

A

r

-,
-

'

n

F L]

I r

-.".. .F

° L d -
3 ___._|..£ "1._ ._:i,_ra 4

-,
=

T L T L L

~
s

-

.
i
gy A

] . . N - F
o i i

VE

Fl A LA

S 3 ] r

=T o« Wl

-rl"li".-ll-! - h'? ]
. "

Ly . . 5 .
’ A Ah;b-‘_""ﬁ-.."* ;
L (T F ey

- AT g TR T gl BT R T
d . i e . L] .

e ey~

-.‘II;.-..-l.l .

b 4

'

H

.. r
L = =

+ EL J L]

AHETR T,

.'II'I-"
II,:.Lq_,.‘

-t #.J-r

(I "'-. : '.I.J X o) LT LE i‘:..‘r .
B e T
:I'I-llhﬂ-ir. ?LJ.*-::-L#::.J h!l:n-h'i q:l-"', o J L 3

RAGE

S

A

R L P *"““i.:q-*_*
. [
4 |

Nov. 27, 2007

Sheet 3 of 4 US 7,301,545

FlG. 3

LT L o-.-.m A -

- . ® «  wm oa-d g
Thm b xS

| Ly A
R "._f'1 -!":.-.'?r Ly

Y S

n

. r . =
P . JL
MR

1'l=.|.i- - 2

n
y = . s .
+ .'I"r.i ] ."..I-l'r H

el

et HE L P e

P P AL N Py IR S e A R .
4

L LW LTI R R
. ' -

e L ] ¢ -

LN TIr Y -
5 — Il.l! [ LT N T P
T - - s L T - e .Y

b L L
u -l - . 1 =
- - FE = .-

s gy = N bEmar'm- T

[ ) o
A IS
e o

- -l--hh—liﬂ-:-w-l-‘

= . .. '_*l.:‘_l..f.r IIi] FE

i e 4 - % II!"_-‘-HI:‘I‘;':"* " _pr
e Pyttt ot TSP NPT S LR
- - '-h_t"fj'u’ n A LIRCEE
-"I-.-‘l-l' |+ At ¥ . -
1..- o -Jr-J- !'51'1 "':5 * a..r""""a o
"'_.. kA }‘-_‘L _ﬁ.'ﬂt;ll- il S .'..LI. :_" .

=
\

-
]

iy
- e
PN L Pt sl e -y St
L}

+ i T

L R TR A A
r‘_l-u , it'ﬁ

"y
Y

N R A T R
e IR LT

- -
-
i

r
wr : | ]

] I'II'-"-'-.:r"!I"_

o a4t
ey
, :

L]
Py wdy o b

'

T

] L]

- F L R

! P .. .- LR AT " - : vl : - R L S T
» - ol - =" - . - R W, T I _ - =l gy LN FEe K
e e e e o T T : . . " - ; T g e T T g e et
. - P . Ts - b o - ’ ) P g A g pand
} :l':'{‘*' "_lrr-*._J .,‘I_.-.-. P - H e ST '_ w '"'_- wrd 1:'-" 'y " -|.‘ Fa i 7 Er-;‘r“ -' -7

o A e P e 2
. _ ,_"_\. "'""_"‘_'".““ "'_"i;' 'r," ¥ e = '-"-..'"T'—l » ﬂl"'l',._;'r"l'.'-l-l- =+ g -I-:-.-‘,-i'r'.q_ll.pr'-l-i-' - e gy
e ap =t Ran gl -:..-.».:t::!.:.:-:::.‘.:_‘:_;!:.f.ﬁ e & T H Lm0

- el — e i - - iy = . d
A XL S e S u Tk ol e b T R S SR TR e
3 o s ] T g e
e T R B et

-—r
—

L .rl-..'nr"

- 4 . L4
l,._;."ﬂl."' l"' e,
q"""."‘“q

1l i s

¥y
39 ‘},ﬂ'b

' e
. f ;ﬂ".‘
F e 7y

_1-_-_-_-1-_'.]?&"'-?_:"‘-1":‘:.. ':‘hﬁl.ﬁ 'm __-b_. - ;;ﬁ-
el - - ¥ iy
Rl e

e ) [ L il = "
=t TS, :AJ';HHH'I- H I'E'
AT e TR

b

-

-:*
F.‘r.

Al

o (LA kA T o e

*apd

4

:‘.I. u m
.

LY

'-
-
[ T -

et
L ae

s

?l

L

L |
L]
ko
= n

1
Pl 4

LI TR}
LT

’
-~

. *1-.',_“

5T T,
- - . -l. Fa ..
h -

ey ey, e apspe

= fr

i ;;' ::'_":'.".-i'f =

‘-I_ L -t .
L I

el |
"
'i:ﬁ.‘

e

ety
!_:'l—\..ﬁll"'-ll

l. -
re LT ]

. Qi - . - - = r L . - - 1 s - . - '-1:: s A - o - LR -||-|:
. : . £ e e
R I P T T R U T M T AT LR R S T T T T R rley - el 1% ot Pl
. [ ] L x - F a r - M - | r -.‘ T
-

£ T
A

-~ -

- - oy - R B .

+ 9
“*

—
-

M 3

- LY

e mar s pEmmiyelh m o rimeg n el

e

dl_"
SRR Y T

F e

T-"I"F‘-'l_;

. = A

£-
. LI ah
R

~
b B
| |

-
]
- -

e - H
- -
\ : i ‘- -
i-.-:-d-il‘hu-- .-w-i {.—F-lhn-':-l-:l- t&-'-u

'
LYY
i‘n‘ A
H

;""l!-"ll.l"'
Y Y

N

.."‘.

N,
Tl =
e et
L]
iy e

Ll T
.i.'."'h-'ll:-'

)]

Ll -

r"l__q;_'

R AR

LK
T
-,

: “.ﬂ
. j_'l.

L L

I‘ ‘l'-

LR

fLF Y

-

e .
A1 _'r;:_'::'u.'.*:

TN T A T )

T ST T ‘-'-‘-;"..‘-' K et ; AN T
LN T ] n, ) m g l.l ]- g FE ny ] ol
g ca A " : et Ve e g
b [ Ty e B
"'I.. - -— r. l'-l-#"".' ';",

...i-;. . Lo . eyt ; I i - l._- ¥

3
= L

ST, T - —
1 ™
g S
. L

i Ty

-
e

L)

L

B2

- e

w, e

L L W P e e YT o

%
'-'f -

]

#*ll;'l- vy Tl
. _-:p-_ l".:u"l"" -
- ]

-
oy
e

a“

X I' J"l'l‘i
¥
d

L

]
il-lllll-
-

=

W

oot oyw

-‘I._'i LR |
.
L

-"-l.'ll-.

R L RTY ™ e N I

.
.
L] * a

1
L ]

™

£
.

ity nKim
Z

e 1'11"1_1_‘;%

AN yEE TR PP FT
":i -

nt‘"p.

il" :‘L

Tt}
.1.I

-

ye

4
1

"y

TN -4l -
v G 'l..-l-_"r..“' > 1‘-:'.;;'*',-.-!’."’ : ar . o - ﬁ*hf—"ﬂ:;ﬂ |




US 7,301,545 B2
BRIGHTNESS
STAGE

T
} It
— O\ m
A U "
AN g < M it 1 >— |
= 5 - no1 | “
- Q- nor .
- 1 -~ _
= N N HE
- _ ) !
7» i _ ) i
I ) !
«hs J e N Jae e ;I
— " “
£ O _ _
s = =
e
~
T [ - S —
>
&
Z

mnetEE SEES SE
VERY DARK

U.S. Patent



Us 7,301,545 B2

1

METHOD OF VISUALLY MEASURING
BRIGHTNESS OF AMBIENT LIGHTING
AROUND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priornity of Korean Patent
Application No. 2003-4337/8, filed on Jun. 30, 2003, in the

Korean Intellectual Property Oflice, the disclosure of which
1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1invention relates to a method of visually measuring
the brightness of ambient lighting surrounding a display
device, and more particularly, to a method of visually
measuring the brightness of ambient lighting, 1n which the
state of a video display device 1s set to an optimal gray scale
reproduction state, an 1image with brightness corresponding
to one selected from a plurality of brightness stages 1s
displayed to the user, the user selects a brightness stage
corresponding to an image having brightness that 1s the most
approximate to the brightness of ambient lighting, and a
brightness value corresponding to the selected brightness
stage 1s determined as the brightness of ambient lighting
around a display device being used.

2. Description of the Related Art

Color management systems are generally used to achieve
color matching between an input device and an output
device. Color management systems use various color trans-
formation methods for color matching, by referring to the
color characteristics of each of the mput device and the
output device. The color and brightness of ambient lighting
allect the perceived color produced by a display device.
Recently color management systems are considering ambi-
ent lighting for color matching.

To achieve color matching, a color management system
requires the color characteristics of each input or output
device, which are obtained from a profile that 1s a computer
program {ile that describes color characteristics. The profile
has a specific format. For example, to achieve color match-
ing between a display device and a color reproduction
apparatus, a color management system requires a profile of
the display device.

A display device manufacturer may provide a color char-
acteristic profile that can be applied 1n a fixed state of
ambient lighting. As such, a color management system can
only use the color characteristic profile under a single color
characteristic condition of a display device that 1s set by the
display manufacturer. However, the color characteristic con-
dition of a display device set by a display manufacturer does
not meet the demand of various users for a color character-
istic change. When ambient lighting 1s changed due to a
change 1n an environment where the display device 1s used,
the percerved color characteristics of the display device are
changed. However, the color characteristic profile set by a
display manufacturer does not retlect the change of the color
characteristics of a display device. Hence, color matching
between an mput device and an output device 1s diflicult.

U.S. Pat. No. 5,499,040 discloses a conventional tech-
nique in which devices known as calorimeters, photometers,
or spectroradiometers are used to measure changes 1n the
color characteristics of a display device that have been made
due to a change 1n an environment where the display device
1s used or by the user. The measurements using these devices
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2

provide an accurate result. However, these devices are
expensive and installation and operation of the devices 1s
inconvenient. Therefore, an ordinary user of a display device
cannot easily manipulate these devices.

There remains a need for a simple and inexpensive
method to visually measure the color characteristics of a
display device and those of ambient lighting. Examples of

this method are disclosed in U.S. Pat. Nos. 5,638,117,
5,791,781, 5,870,069, 5,956,013, and 6,078,309. However,
in the methods disclosed in U.S. Pat. Nos. 5,638,117,
5,791,781, 5,870,069, and 35,956,015, a separate color
matching card 1s used to measure the color characteristics of
ambient lighting and the color temperature of a display
device, which causes additional cost. Also, U.S. Pat. No.
6,078,309 still does not propose a method to obtain the color
and brightness characteristics of ambient lighting.

SUMMARY OF THE INVENTION

The invention provides a method of measuring a bright-
ness of ambient lighting surrounding a display device that 1s
inexpensive and does not require using extra measurement
equipment or an extra matching card.

According to an aspect of the invention, there 1s provided
a method of visually measuring the brightness of ambient
lighting around a display device. In this method, a reference
brightness of the display device 1s determined according to
a type of the display device. Information relating to locations
where the display device can be used 1s received from the
user, and 1lluminance values of the display corresponding to
brightness stages are set based on the reference brightness
and the location information. The brightness of a reference
image 1s converted into the 1lluminance values correspond-
ing to the brightness stages, converted images with the
illuminance values corresponding to the brightness stages
are displayed to the user, and an 1image having a brightness
value the most approximate to the brightness of the ambient
lighting 1s selected by the user. Thus, the brightness value of
the selected 1image 1s determined as the brightness of ambi-
ent lighting.

To determine the reference brightness of the display
device, a plurality of gray patterns that partially overlap one
another are displayed to determine a black level of the
display device. A basic brightness of the display device 1s
multiplied by a function value of a contrast index of the
display device that 1s set with a maximum value. A function
value of a brightness index of the display device increased
from a minimum value and stopped increasing at the
moment when the gray patterns are visually distinguished
from one another 1s added to the result of the multiplication.
Thus, the result of the addition 1s determined as the reference
brightness of the display device.

Alternatively, to determine the reference brightness of the
display device, a plurality of gray patterns that partially
overlap one another are displayed to determine a white level
of the display device. A basic brightness of the display
device 1s multiplied by a function value of a contrast index
of the display device that i1s decreased from a maximum
value and stopped decreasing when the gray patterns are
visually distinguished from one another. A function value of
a brightness index of the display device fixed with a prede-
termined value 1s added to the result of the multiplication.
Thus, the result of the addition 1s determined as the reference
brightness of the display device.

Alternatively, to determine the reference brightness of the

display device, a type of the display device 1s selected. If the
display device 1s a self-luminescent display device, a plu-
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rality of gray patterns are displayed to set a black level of the
display device. However, 1f the display device 1s a trans-
missive display device, a plurality of gray patterns are
displayed to set a white level of the display device. IT the
display device 1s a seli-luminescent display device, a bright-
ness index of the display device 1s controlled by using a
brightness adjuster of the display device. However, if the
display device 1s a transmissive display device, a contrast
index of the display device 1s controlled by using a contrast
adjuster of the display device. Thus, the reference brightness
of the display device 1s determined depending on whether
the gray patterns are visually distinguished from one
another.

The gray patterns may partially overlap one another, and

adjacent gray patterns may have a predetermined color
difference 1n a visually uniform color space.
If the display device 1s a self-luminescent dlsplay device,
the reference brightness of the display device 1s obtained by
multiplying a basic brightness of the display device by a
function value of a contrast index of the display device that
1s set with a maximum value and adding to the result of the
multiplication a function value of a brightness index of the
display device that 1s increased from a minimum value and
stopped increasing at the moment when the gray patterns are
visually distinguished from one another.

It the display device 1s a transmissive display device, the
reference brightness of the display device 1s obtained by
multiplying a basic brightness of the display device by a
function value of a contrast index of the display device that
1s decreased from a maximum value and stopped decreasing
at the moment when the gray patterns are visually distin-
guished from one another and by adding to the result of the
multiplication a function value of a brightness index of the
display device fixed with a predetermined value.

The brightness of the reference 1image 1s converted into
the illuminance values corresponding to the brightness
stages by adding or subtracting a basic conversion amount
corresponding to a selected place and a selected brightness
stage to or from a value of the reference image.

Additional aspects and/or advantages of the invention will
be set forth 1n part in the description which follows and, in
part, will be obvious from the description, or may be learned
by practice of the invention.

BRIEF DESCRIPTION OF THE

DRAWINGS

These and/or other aspects and advantages of the inven-
tion will become apparent and more readily appreciated
from the following description of the embodiments, taken 1n
conjunction with the accompanying drawings of which:

FIG. 1 1s a flowchart for illustrating a method of visually
measuring the brightness of ambient lighting around a
display device according to an embodiment of the invention;

FIGS. 2A and 2B each show gray patterns used to
determine an optimal gray scale reproduction state of a
display device;

FIG. 3 shows a user interface used to determine a place
where a display device 1s to be used;

FIG. 4 shows a user interface used to determine the level
of the brightness of ambient lighting; and

FIG. 5 shows a function that determines the amount of
image conversion depending on a determined place and a
determined brightness stage.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Reference will now be made in detail to the embodiments
of the present invention, examples of which are illustrated 1n
the accompanying drawings, wherein like reference numer-
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4

als refer to the like elements throughout. The embodiments
are described below to explain the present invention by
referring to the figures.

FIG. 1 1s a flowchart for illustrating a method of visually
measuring the brightness characteristics of ambient lighting
around a display device according to an embodiment of the
invention. Referring to FIG. 1, the method invention
includes operation 100 of determining an optimal gray scale
reproduction state of a display device, operation 200 of
selecting a place where the display device 1s to be used from
possible places where the display device can be used, and
operation 300 of measuring the brightness of ambient light-
ng.

Operation 100 includes sub-operation 120 of selecting the
type of a display device that 1s being used and sub-operation
140 of determining the level of reference brightness opera-
tion 300 1ncludes sub-operation 320 of displaying an image
into which a reference 1image with the reference brightness
1s converted depending on each of brightness stages and the
determined place where the display device 1s to be used, and
sub-operation 340 of selecting from the brightness stages a
brightness stage corresponding to an image whose bright-
ness 1s the most approximate to the brightness of ambient
lighting.

More specifically, 1n operation 100, the user selects an
item corresponding to the type of a current display device
from presented items representing the types of display
device. In operation 120, the user selects either an item
representing a self-luminescent display device, such as a
cathode ray tube (CRT) or an item representing a transmis-
sive display device such as a liquid crystal display (LCD).

In step S140, a reference brightness 1s determined
depending on the selected display device type. The reference
brightness 1s determined by either setting a black level or
and setting a white level. A determination of whether the
black or white level 1s set 1s made depending on the type of
a display device used. If the brightness of ambient lighting
1s measured by comparing the brightness of a displayed
image with the brightness of ambient lighting accurately
determining the reference brightness 1s important.

If the display device being used 1s a self-luminescent
display device, for example, a CRT, it 1s important to
determine the reference brightness by adequately lowering a
black level for the self-luminescent display device. If the
display device currently being used 1s a reflective or trans-
missive type display device, for example, an LCD, 1t 1s
important to determine the reference brightness by
adequately raising a white level for the reflective or trans-
missive type display device. Thus, to determine the refer-
ence brightness, an optimal gray scale reproduction state 1s
determined in different ways according to the type of display
device being used, and a plurality of gray patterns are
compared with one another. The method of setting a black
level for a CRT 1s described below with reference to FIG.
2A.

FIG. 2A shows gray patterns used to set a black level for
a display device. As shown in FIG. 2A, a gray pattern 1n
which four gray circles overlap one another 1s displayed at
the center of a display screen, and gray patterns 1n each of
which four gray circles overlap, the circles having smaller
diameters than the four overlapping circles displayed at the
center of the display screen overlap are respectively and are
displayed on the right and left sides of the display screen. As
shown 1n FIG. 2A, the gray patterns at the center and right
and left sides of the display screen have the same shape
because 1 some display devices adopting an on-screen-
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display (OSD) system, a control image appears at the center
of the display screen to cover up the gray pattern at the
center of the display screen.

The gray circles 1n each gray pattern are arranged coun-
terclockwise starting from a top gray level, and adjacent
circles except for the circles at the top and right sides of the
gray pattern have a color difference of 1 i1n the CIE LAB
color space. The CIE LAB color space a uniform color space
proposed by the Commission Internationale de I’Eclairage
(CIE) 1n 1976. A color diflerence (AEa*b™*) between each of
circles 10, 11, and 12 at the top sides of gray patterns and
each of circles 20, 21, and 22 at the left sides thereof 1s 1,
a color difference (AEa*b*) between each of the circles 20,
21, and 22 at the left sides thereof and each of circles 30, 31,
and 32 at the bottom sides thereof 1s 1, and a color difference
(AEa*b*) between each of the Clrcles 30, 31, and 32 at the
bottom sides thereof and each of circles 40, 41, and 42 at the
right sides thereof 1s 1. The circles 10, 11, and 12 on the top
sides of the gray patterns are set to have the darkest color
that can be displayed on a display device. Therefore, a
digital value of 0 1s mput to express the circles 10, 11, and
12 on the top sides of the gray patterns. It 1s understood by
those skilled 1n the art that the color difference may be set
to a uniform color space that 1s greater than 1.

In a method of determining the reference brightness by
using the gray patterns of FIG. 2A, the user adjusts the value
ol a contrast index to a maximum value by using a contrast
adjustor of a display device and also adjusts the value of a
brightness index to a minimum value by using a brightness
adjustor of the display device. The user then gradually
increases the brightness index. When the four gray circles of
FIG. 2A start being visually distinguished from one another,
the user stops increasing the brightness index. The resultant
brightness index of the display device and the set contrast
index of the display device determine the reference bright-
ness ol the display device. In other words, the reference
brightness of a display device 1s expressed as “reference
brightness=i{contrast index)*(basic brightness of a display
device)+1(brightness index)”. The basic brlghtness of the
display device can be a brightness (cd/m*) of the display
device depending on a brightness index and a contrast index
that are set 1n a specific state. For example, the brightness
index and the contrast index may be set when the display
device 1s manufactured. In the expression of the reference
brightness of a display device, 1{contrast index) can be given
by: “If(contrast index)=a contrast index+0.5”, and 1{bright-
ness index) can be given by: “i(brightness index)=100%*
(brightness mndex)-50". Each of the contrast index and the
brightness 1index serving as the variables of these functions
uses 0 to express a minimum value and uses 1 to express a
maximum value. The function i{contrast index) and the
tfunction f(brightness index) represent the characteristics of
a display device and are pre-defined. The reference bright-
ness of a display device 1s expressed 1n the unit of the basic
brightness of the display device.

FIG. 2B shows gray patterns used to set a white level for
a transmissive display. The structure of each of the gray
patterns of FIG. 2B 1s the same as that of FIG. 2A. Similar
to each of the gray patterns of FIG. 2A, adjacent circles
except for the circles, at the top and right sides of the gray
pattern, have a color difference of 1 1n the CIE LAB color
space. More specifically, a color diflerence (AEa*b*)
between each of circles 50, 51, and 52 at the top sides of the
gray patterns and each of circles 60, 61, and 62 at the leit
sides thereof 1s 1, a color diflerence (AEa*b*) between each
of the circles 60, 61 and 62 at the left sides thereof and each
of circles 70, 71, and 72 at the bottom sides thereof 1s 1, and
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a color diference (AEa*b*) between each of the circles 70,
71, and 72 at the bottom sides thereol and each of circles 80,
81, and 82 at the right sides thereof 1s 1. The circles 50, 51,
and 52 on the top sides of the gray patterns are set to have
the brightest color that can be displayed on the display
device. In other words, when a circle pattern 1s expressed 1n
8 bits, a digital value of 255 1s mput to express the circle
pattern. It 1s understood by those skilled in the art that the
color difference may be set to a uniform color space that 1s
greater than 1.

In a method of determining the reference brightness by
using the gray patterns of FIG. 2B, the user adjusts the value
ol a contrast index to a maximum value by using the contrast
adjustor of the display device. The user then gradually
decreases the contrast index. When the four gray circles of
cach gray pattern of FIG. 2B start being visually distin-
guished from one another, the user stops decreasing the
contrast index. The brightness index of the display device
keeps an 1nitial brightness index value that the user has set.
The unchanged brightness index of the display device and
the decreased contrast index of the display device determine
the reference brightness of the display device.

Referring again to FIG. 1, operation 140 of determining
the reference brightness of a display device 1s followed by
operation 200 of determining a place where the display
device 1s to be used. Referring to FIG. 3, a selection menu
including possible locations from a plurality of locations
where the display device can be used 1s presented to the user
so that the user can select one location. As shown 1n FIG. 3,
two possible locations, for example, a house and an oflice,
may be presented to the user, and the locations may be
represented by characters, pictures, symbols, etc. The user
selects a location where the display device 1s to be used from
the presented selection menu.

Also, 1n operation 200, 1lluminance values corresponding
to brightness stages are set differently according to the
selected place where the display device 1s to be used and the
reference brightness set 1n operation 100. An example of this
illuminance setting 1s shown 1n Table 1.

TABLE 1
Brightness stages/places House Office
Very bright 300 LUX 500 LUX
Slightly bright 200 LUX 300 LUX
Average 150 LUX 200 LUX
Slightly dark 50 LUX 100 LUX
Very dark 10 LUX 50 LUX

After setting the reference brightness of the display device
in operation 140 and determining the location where the
display device 1s to be used 1n operation 200, operation 300
of measuring the brightness of ambient lighting 1s executed
by presenting a user interface for determining the brightness
of ambient lighting to the user 1n operation 320 and then by
selecting an illuminance value with reference to an 1mage
displayed on the user interface in operation 340. FIG. 4
shows an example of the user interface for determining the
brightness of ambient lighting. As shown 1n FIG. 4, the user
interface presents to the user a predetermined number of
brightness stages and a reference image that depends on a
location and a brightness stage that are selected by the user.

As shown 1n Table 1 and FIG. 4, the brightness stages can
be expressed as five psychologically-recognized amounts,
such as, very bright, slightly bright, average, slightly dark,
and very dark. The brightness of the reference 1mage pre-
sented on the user interface 1s converted 1into an illuminance
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value corresponding to each of the brightness stages of Table
1. It 1s understood that the brightness stages may be
expressed 1 tiny cognizable way for the user to select from.

Referring back to FIG. 1, 11 the user selects a brightness
stage from the brightness stages presented on the user
interface, a converted image with an 1lluminance value
corresponding to the selected brightness stage 1s displayed
on the user interface, 1n operation 320. Thereafter, 1n opera-
tion 340, the user compares the illuminance value of the
displayed image with the brightness of ambient lighting and
finally selects a brightness stage corresponding to an image
having a brightness value nearest to the brightness of
ambient lighting. The brightness value corresponding to the
selected brightness stage 1s determined as the brightness of
ambient lighting surrounding the display device.

A method of converting the brightness of a reference
image depending on each brightness stage 1s described
below with reference to FIG. 5. This conversion method can
be expressed as in Equation 1:

O=1+Al

(1)

wherein 1 denotes a value of an 1mage signal 1n a basic
brightness stage (i.e., average), O denotes a value of an
image signal converted according to each brightness stage,
and Al denotes an 1mage conversion amount. Equation 1 can
be equally applied to red, green, and blue channels of an
image signal, and Al varies according to a selected bright-
ness stage and a selected place where the display device 1s
to be used.

The way of determining the 1image conversion amount Al
1s described below with reference to FIG. 5, which shows an
example of a function that determines the 1mage conversion
amount according to a selected brightness stage and a
selected location where a display device 1s to be used. First,
a basic conversion amount AB, which varies depending on
a selected brightness stage and a selected location where a
display device 1s to be used, 1s determined. As shown 1n FIG.
5, 1f the selected brightness stage 1s “very bright” and the
selected location 1s “location 17, the basic conversion
amount AB 1s 60. The basic conversion amount AB 1s pre-set
in the form of a function or a lookup table. If the basic
conversion amount AB 1s determined, the final 1mage con-
version amount Al depends on the value I of the image signal
in the basic brightness stage. The final image conversion
amount Al 1s determined depending on the basic conversion
amount AB 1n various ways, as described below.

For example, if the basic conversion amount AB i1s less
than O and the absolute value of the value/is less than k times
the absolute value of the basic conversion amount AB, the
final 1mage conversion amount Al 1s (1/k)xI. That 1s, the
value of a converted 1mage signal, O, 1s given by Equation

1 (2)

For example, 1t the absolute value of the mput value/is
greater than k times the absolute value of the basic conver-
sion amount AB, the final 1mage conversion amount Al 1s
determined to have the value of the basic conversion amount
AB. The value of a converted image signal, O, 1s given by
Equation 3:

O=I+AR (3)

For example, if the basic conversion amount AB 1s greater
than O and the absolute value of a maximum value MaxI-I
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1s less than k times the absolute value of AB, Al 1s (1/k)x
(MaxI-I). The value of a converted image signal, O, 1s given
by Equation 4:

1 (4)
O =1+ - x(Maxl - 1)

For example, if the absolute value of MaxI-I 1s greater
than k times the absolute value of AB, Al 1s determined to
have the value of AB. The value of a converted 1image signal,
O, 1s given by Equation 3. It will be apparent to those skilled
in the art that ways other than the above-described ways can
be used to convert the brightness of a reference 1mage into
illuminance values corresponding to brightness stages.

In another aspect of the invention, the mnvention 1s embod-
ied as computer readable codes on a computer readable
recording medium. The computer readable recording
medium 1s any data storage device that can store data that
can be thereafter read by a computer system. For example,
the computer readable recording medium may include read-
only memory (ROM), random-access memory (RAM), CD-
ROMs, magnetic tapes, floppy disks, optical data storage
devices, etc. Also, the computer readable codes can be
transmitted via a carrier wave such as a network or World
Wide Web. The computer readable recording medium can
also be distributed over a network coupled computer sys-
tems so that the computer readable code 1s stored and
executed 1n a distributed fashion.

In a measurement method according to the invention as
described above, the brightness of ambient lighting sur-
rounding a display device 1s visually measured without
using extra measurement equipment or an extra matching
card. Thus, the measurement method according to the
present 1nvention 1s applicable to various apparatuses
including a video display device 1n order to convert the color
and brightness characteristics of an 1mage at a low cost while
adequately coping with various user environments. Also, the
color of ambient lighting surrounding a display device that
1s measured by the measurement method according to the
invention can be used 1n writing a color profile of the display
device.

Although a few embodiments of the present mmvention
have been shown and described, it would be appreciated by
those skilled 1n the art that changes may be made in these
embodiments without departing ifrom the principles and
spirit of the invention, the scope of which 1s defined in the
claims and their equivalents.

What 1s claimed 1s:

1. A method of visually measuring the brightness of
ambient lighting surrounding a display device, the method
comprising;

selecting the type of the display device;

displaying a plurality of gray patterns to set a black level

of the display device when the display device 1s a
self-luminescent display device and displaying a plu-
rality of gray patterns to set a white level of the display
device when the display device 1s a transmissive dis-
play device;

determiming a reference brightness of the display device

according to whether the gray patterns are visually
distinguished from one another by using a brightness
adjuster or a contrast adjuster;

receiving information about at least one location where

the display device 1s used from a user and setting
illuminance values of the display device corresponding
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to brightness stages based on the reference brightness
and the location information;

converting a reference 1mage mto a converted image

having the 1lluminance values corresponding for each
of the brightness stages;

displaying the converted images to the user; and

selecting an 1mage having a brightness value nearest to

the brightness of the ambient lighting, such that the
brightness value of the selected image 1s determined as
the brightness of ambient lighting.

2. The method of claim 1, wherein the determiming of the
reference brightness of the display device comprises:

displaying a plurality of gray patterns that partially over-

lap one another 1n order to determine a black level of
the display device; and

determining as the reference brightness of the display

device a value that 1s obtained by multiplying a basic
brightness of the display device by a function value of
a contrast index of the display device that 1s set with a
maximum value and adding to the result of the multi-
plication a function value of a brightness index of the
display device that 1s increased from a minimum value
and the increasing 1s stopped when the gray patterns are
visually distinguished from one another.

3. The method of claim 1, wherein the determiming of the
reference brightness of the display device comprises:

displaying a plurality of gray patterns that partially over-

lap one another 1n order to determine a white level of
the display device; and

determining as the reference brightness of the display

device a value that 1s obtained by multiplying a basic
brightness of the display device by a function value of
a contrast index of the display device that 1s decreased
from a maximum value and the decreasing 1s stopped
when the gray patterns are visually distinguished from
one another and by adding to the result of the multi-
plication a function value of a brightness index of the
display device fixed with a predetermined value.

4. The method of claim 1, wherein the determiming of the
reference brightness of the display device comprises:

determining the reference brightness of the display device

according to whether the gray patterns are visually
distinguished from one another, by controlling a bright-
ness index by using a brightness adjuster of the display
device if the display device 1s the seli-luminescent
display device or by controlling a contrast index by
using a contrast adjuster of the display device 1if the
display device 1s the transmissive display device.

5. The method of claim 4, wherein the gray patterns
partially overlap one another.

6. The method of claim 4, wherein adjacent gray patterns
have a predetermined color difference 1 a visually uniform
color space.

7. The method of claim 4, wherein 1n the determining of
the reference brightness of the display device, 11 the display
device 1s the self-luminescent display device, the reference
brightness of the display device 1s obtained by multiplying
a basic brightness of the display device by a function value
of the contrast index of the display device that 1s set with a
maximum value and adding to the result of the multiplica-
tion a function value of the brightness index of the display
device that 1s increased from a minimum value and the
increasing 1s stopped when the gray patterns are visually
distinguished from one another.

8. The method of claim 4, wherein 1n the determining of
the reference brightness of the display device, i1 the display
device 1s the transmissive display device, the reference
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brightness of the display device 1s obtained by multiplying
a basic brightness of the display device by a function value
of the contrast index of the display device that 1s decreased
from a maximum value and the decreasing 1s stopped when
the gray patterns are visually distinguished from one another
and by adding to the result of the multiplication a function
value of the brightness index of the display device fixed with
a predetermined value.

9. The method of claim 1, wherein 1n the converting the
reference 1mage, the reference brightness of the reference
image 1s converted into the 1lluminance values correspond-
ing to the brightness stages by adding or subtracting a basic
conversion value corresponding to a selected location and a
selected brightness stage to or from a value of the reference
1mage.

10. The method of claim 9, wherein 1n the converting the
reference 1mage, 1f the basic conversion value 1s a negative
value, and the value of the reference 1mage 1s less than a
predetermined number of times the absolute value of the
basic conversion amount, then the brightness of the refer-
ence 1mage 1s converted into the 1lluminance values corre-
sponding to the brightness stages by subtracting the product
of the value of the reference image and the reciprocal of the
predetermined number from the value.

11. The method of claim 9, wherein 1n the converting the
reference 1mage, if the basic conversion value 1s a positive
value, and the diflerence between the value of the reference
image and a maximum value 1s less than a predetermined
number of times the absolute value of the basic conversion
amount, then the brightness of the reference image 1s con-
verted into the illuminance values corresponding to the
brightness stages by adding the product of the difference and
the reciprocal of the predetermined number to the value of
the reference 1mage.

12. A computer readable medium storing a program to
execute the method of claim 1.

13. A method of visually measuring a brightness of
ambient lighting surrounding a display device, the method
comprising;

selecting a type of display device as either a self lumi-

nescent display-type device or a reflective or transmis-
sive display-type device;

displaying a plurality of gray patterns that overlap one

another;
determining the reference brightness of the display device
by determining an optimal gray scale reproduction state
of the display device according to whether the gray
patterns are visually distinguished from one another;

selecting a location of the display device from at least one
predetermined location corresponding with the deter-
mined reference brightness;

displaying at least one brightness stage from a plurality of

brightness stages for a user to select according to the
determined reference brightness and the selected loca-
tion such that a converted 1image having an illuminance
value corresponding to the selected brightness stage 1s
displayed; and

comparing the 1lluminance value of the displayed image

with the brightness of the ambient lighting and select-
ing the brightness stage corresponding to an image
having a brightness value nearest to the brightness of
the ambient lighting,

wherein the optimal gray scale reproduction state of the

display device 1s determined depending on the type of
display device, such that a white level of the reference
brightness 1s adjusted and set for the reflective or
transmissive display-type device, and a black level of
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the reference brightness 1s adjusted and set for the self
luminescent display-type device.

14. The method of visually measuring the brightness of
lighting surrounding the display device of claim 13, wherein
setting and adjusting the black level of the reference bright-
ness Comprises:

adjusting a value of a contrast index to a maximum value

and a value of a brightness index to a minimum value;
and

increasing the value of the brightness index until the

plurality of overlapping gray patterns are visually dis-
tinguishable from one another, wherein the resultant
brightness index and the set contrast index of the
display device determine the reference brightness of the
display device.

15. The method of visually measuring the brightness of
lighting surrounding the display device of claim 14, wherein
the reference brightness of the display device 1s a function
of the contrast index multiplied with a basic brightness value
of the display device plus a function of a brightness index,
wherein the basic brightness value of the display device 1s
pre-set.

16. The method of visually measuring the brightness of
lighting surrounding the display device of claim 13, wherein
setting and adjusting the white level of the reference bright-
ness Comprises:

adjusting a value of a contrast index to a maximum value

and a value of a brightness index to a mimimum value;
and

decreasing the value of the contrast index until the plu-

rality of overlapping gray patterns are visually distin-
guishable from one another, wherein the resultant con-
trast index and the set brightness index of the display
device determine the reference brightness of the display
device.

17. The method of visually measuring the brightness of
lighting surrounding the display device of claim 16, wherein
the reference brightness of the display device 1s a function
of the contrast index multiplied with a basic brightness value
of the display device plus a function of a brightness index,
wherein the basic brightness value of the display device 1s
pre-set.

18. The method of visually measuring the brightness of
lighting surrounding the display device of claim 13, wherein
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the selecting the location of the display device comprises
determining the location of the display device according to
a menu of predetermined locations corresponding to loca-
tions where the display device 1s to be used, wherein
illuminance values corresponding to the plurality of bright-
ness stages are set according to the selected location where
the display device 1s to be used and the determined reference
brightness.

19. The method of visually measuring the brightness of
lighting surrounding the display device of claim 13, wherein
the measuring the brightness of the ambient lighting 1s
executed by displaying a user interface allowing the user to
select the illuminance value with reference to the image
displayed on the user interface.

20. The method of visually measuring the brightness of
lighting surrounding the display device of claim 19, further
comprising displaying a predetermined number of the
brightness stages and the reference image on the user
interface.

21. The method of visually measuring the brightness of
lighting surrounding the display device of claim 13, wherein
cach of the plurality of brightness stages 1s set according to
a psychologically recogmized level of brightness.

22. The method of visually measuring the brightness of
lighting surrounding the display device of claim 21, wherein
the brightness of the reference 1mage displayed on the user
interface 1s converted into an 1lluminance value correspond-
ing to each of the plurality of brightness stages, respectively.

23. The method of visually measuring the brightness of
lighting surrounding the display device of claim 13, further
comprising comparing the i1lluminance value of the dis-
played image with the brightness of the ambient lighting and
selecting the brightness stage corresponding to the image
having the brightness value that i1s nearest to the brightness
of the ambient lighting.

24. The method of visually measuring the brightness of
lighting surrounding the display device of claim 13, wherein
the gray patterns partially overlap one another.

25. The method of visually measuring the brightness of
lighting surrounding the display device of claim 13, wherein
adjacent gray patterns have a predetermined color difference
in a visually uniform color space.
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